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PREFACE 


On  11  August  1982,  the  Los  Angeles  District,  U.S.  Army  Corps  of 
Engineers  (SPL)  authorized  the  Hydrologic  Engineering  Center  (HEC)  to' perform 
an  evaluation  of  the  sedimentation  characteristics  of  the  proposed  Mentone 
Dam.  The  investigation  was  completed  for  the  Los  Angeles  District  under 
Project  Order  No.  CIV  83-11,  dated  17  November  1982.  This  report  presents 
the  results  of  that  investigation  and  summarizes  the  factors  that  influence 
sediment  transport  along  the  Upper  Santa  Ana  River  Drainage  Basin  near 
Mentone,  California.  These  data,  procedures  and  observations  supplement  the 
Phase  I  GDM  and  Groundwater  Modeling  Studies  being  conducted  by  the  Los 
Angeles  District,  U.S.  Army  Corps  of  Engineers. 

The  primary  objectives  of  the  investigation  were:  (1)  to  identify  major 
physical,  climatological,  and  geological  factors  affecting  erosion  and  yield 
of  sediment  within  the  study  area;  (2>  to  quantify  total  sediment  erosion  and 
yield  for  various  hydrologic  conditions;  and  (3)  to  estimate  the  extent, 
shape  and  character  of  sediment  deltas  likely  to  form  within  this  reservoir. 
Special  attention  was  given  to  the  effects  of  fire  on  erosion  and 
sedimentation  in  the  study  area. 

The  Los  Angeles  District  has  used  the  results  of  this  investigation  in 
their  assessment  of  the  effects  that  sediment  deposition  may  have  on 
infiltration  and  overall  groundwater  recharge  in  the  Mentone  area. 

Information  and  data  used  to  prepare  this  document  were  extracted  from 
many  reports,  publications,  and  personal  discussions  listed  in  the  References 
section  and  Appendix  of  this  report. 

Personnel  from  the  Hydrologic  Engineering  Center  performed  this  study 
under  the  direction  of  Arlen  D.  Feldman,  Chief  of  the  Research  Branch  and 
Bill  S.  Eichert,  Director  of  the  Hydrologic  Engineering  Center.  Robert  C. 
MacArthur  conducted  the  study  and  prepared  the  final  report. 

The  Hydrologic  Engineering  Center  is  grateful  to  the  Los  Angeles 
District  and  particularly  to  Dr.  Abnish  Amar,  Mr.  David  Cozakos  and  Mr. 
Dennis  Majors  for  their  cooperation,  suggestions  and  assistance  thoughout 
this  project. 
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SUMMARY 


This  report  presents  the  methods,  data  and  results  of  an  investigation 
to  evaluate  the  sedimentation  characteristics  and  potential  delta  formation 
in  the  proposed  Mentone  Reservoir.  This  study  was  performed  by  the 
Hydrologic  Engineering  Center  (HEC),  Davis,  California,  for  the  Los  Angeles 
District,  U.S.  Army  Corps  of  Engineers. 

Information  pertaining  to  the  description  of  the  study  area,  its 
topography,  geology,  climate,  and  land  usage  is  presented  briefly  here  and  in 
greater  detail  in  previous  Corps  documents  (U.S.  Army  Corps  of  Engineers, 
1980).  For  this  study  the  Upper  Santa  Ana  River  drainage  was  partitioned 
into  six  contributing  watersheds  from  Big  Bear  Lake  to  Mentone.  Each  of 
these  watersheds  was  analyzed  for  its  potential  sediment  contribution  to  the 
Santa  Ana  River.  These  results  were  then  summed  and  evaluated  with  respect 
to  their  potential  impact  on  the  proposed  Mentone  Dam  and  Reservoir. 

Climate,  soil  types,  topography,  plant  cover  and  degree  of 
channelization  usually  determine  sediment  yield  from  mountainous  regions.  In 
the  Upper  Santa  Ana  River  basin,  the  periodic  occurrence  of  brush  and  forest 
fires  greatly  increases  sediment  erosion  rates  and  yield  in  its  watersheds. 
Therefore,  it  was  very  important  to  determine  the  effects  of  fire  on  peak 
discharge  and  erosion  for  each  of  the  six  contributing  watersheds  above  the 
Mentone  damsite.  "Current  burn"  (CB)  conditions  represent  watershed 
conditions  that  reflect  the  cumulative  effect  of  various  forest  fires  that 
have  occurred  in  the  basin  to  date.  "Reasonable  maximum  burn"  (RMB) 
conditions  were  also  analyzed  in  order  to  evaluate  "worst  likely"  watershed 
conditions  due  to  fire  damages. 

For  average  annual  flow  conditions,  the  total  sediment  production  for 
current  burn  watershed  conditions  would  be  approximately  443,000  cubic  yards 
per  year,  and  for  reasonable  maximum  burn  conditions  it  would  be  5,390,000 
cubic  yards  per  year.  The  estimated  sediment  production  for  the  same  area 
during  a  standard  project  flood  event  is  estimated  to  be  2,026,000  cubic 
yards  and  14,709,000  cubic  yards  for  current  burn  and  reasonable  maximum  burn 
conditions,  respectively. 

Maximum  delta  thickness  determined  with  computer  program  HEC-6  varied 
from  about  2  to  15  feet  for  mean  annual  flows  corresponding  to  CB  and  RMB 
watershed  conditions,  respectively.  After  fifty  years  of  average  annual 
flows  and  current  burn  conditions,  a  maximum  delta  thickness  of  34  feet  was 
estimated.  The  maximum  thickness  of  deposits  after  one  hundred  years  was 
extrapolated  to  be  betweeen  40  and  50  feet. 

The  distributions  of  sediment  grain  sizes  are  tabulated  as  the 
"percentage  finer  than  by  weight"  for  each  grain  size  at  each  computational 
cross  section  going  upstream  from  the  dam.  Comparison  of  the  computed  grain 
size  distributions  within  the  delta  deposits  with  measurements  from  other 
reservoirs  in  the  Transverse  Mountain  Range  in  Southern  California  shows  good 
correlation  with  respect  to  total  amount,  size  and  distribution. 
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The  results  of  this  study  represent  the  best  estimate  of  the  extent  and 
character  of  reservoir  delta  sediment  materials.  The  distribution  of 
sediment  in  a  reservoir  depends  upon  many  factors,  especially  the  reservoir 
operating  policy,  details  of  which  are  currently  unknown.  Further  evaluation 
of  these  results  may  be  warranted  during  the  dam's  design  with  a  view  toward 
minimizing  or  mitigating  the  impact  of  sediment  deposition  in  the  reservoir 
area . 
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INTRODUCTION 


A  serious  flood  hazard  exists  within  the  rapidly  developing  urban  areas 
of  Orange,  Riverside,  and  San  Bernardino  counties.  Without  expanded  flood 
protection  along  the  Santa  Ana  River,  future  floods  could  cause  an  estimated 
9. IS  million  dollars  in  damage  and  jeopardize  the  safety  of  approximately  two 
million  residents  living  in  or  along  the  flood  plain  (US  Army  Corps  of 
Engineers,  1980). 

The  problems  along  the  main  stem  of  the  Santa  Ana  River  were  initially 
studied  in  Hay  of  1964.  A  preliminary  survey  report  was  completed  by  the  Los 
Angeles  District  in  1975  (US  Army  Corps  of  Engineers,  1975).  It  summarized 
plans  for  alleviating  the  potentially  catastrophic  flooding  problems,  in 
addition  to  other  issues  such  as  water  conservation,  recreation,  and 
environmental  quality  needs.  The  plans  set  forth  in  the  Survey  Report  were 
studied  in  greater  depth,  culminating  in  the  "Santa  Ana  River  Phase  I  GDM" 
(US  Army  Corps  of  Engineers,  1980).  This  report  outlined  nine  elements  of  an 
overall  flood  protection  plan  to  provide  Standard  Project  Flood  (SPF) 
protection  for  the  Santa  Ana  River  and  flood  plain.  One  of  the  first 
elements  within  the  overall  plan  calls  for  the  construction  of  a  flood 
storage  retention  dam  in  San  Bernardino  County  near  the  communities  of 
Mentone  and  East  Highlands. 

The  primary  purpose  of  the  Mentone  Dam  would  be  to  collect  and  retain 
floodwaters  from  Big  Bear  Lake,  the  Upper  Santa  Ana  River,  Mill  Creek,  Oak 
Creek  and  Plunge  Creek.  Peak  SPF  floodflows  of  up  to  126,000  cubic  feet  per 
second  would  be  reduced  to  6,000  cubic  feet  per  second  as  they  pass  through 
the  Mentone  Dam  outlet  works  (US  Army  Corps  of  Engineers,  1980). 

The  purpose  of  this  investigation  was  to  analyze  the  sedimentation 
characteristics  of  the  Mentone  Dam.  The  following  general  tasks  were 
performed  to  accomplish  this  goal: 

(1)  Identify  major  physical,  climatological,  and  geologic 
factors  affecting  erosion  and  yield  of  sediment  within 
the  study  area. 

(2)  Quantify  total  erosion  and  sediment  yield  for  various 
hydrologic  conditions. 

(3)  Estimate  the  extent,  shape  and  character  of  sediment 
deltas  likely  to  form  within  the  reservoir. 

Based  on  the  results  from  these  tasks,  the  Los  Angeles  District 
conducted  detailed  groundwater  modeling  and  geotechnical  investigations  in 
order  to  evaluate  the  effects  that  sediment  deposition  may  have  on 
infiltration  rates  and  overall  groundwater  recharge  in  the  study  area. 
Further  details  of  these  Investigations  are  presented  elsewhere  in  this 
report. 
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DESCRIPTION  OF  STUDY  AREA 


The  Sente  Ane  River  flows  approximately  one  hundred  miles  from  its 
heedweters  in  the  Sen  Bernerdino  Mountains  before  emptying  into  the  Pacific 
Ocean  just  northwest  of  Newport  Beach  (see  Figure  1).  The  overall  drainage 
area  of  the  Santa  Ana  River  Basin  is  approximately  3200  square  miles.  It  is 
the  largest  and  most  diverse  river  system  in  southern  California.  The  most 
important  basin  characteristics  to  consider  in  this  investigation  are 
geologic  and  hydrologic. 


Geoloxv 

The  geology  of  the  Santa  Ana  River  Basin  is  diversified  and  complex. 
The  overall  region  is  composed  primarily  of  crystalline  and  sedimentary  rocks 
in  the  upper  valleys  and  mountains  with  alluvial  sediments  throughout  the 
valley  floor.  The  San  Bernardino  Mountains  are  derived  from  several 
varieties  of  igneous  and  metamorphic  rocks:  mostly  quartz,  quartz  monzonite, 
diorite,  and  some  schists  and  gneiss.  Rock  and  soil  materials,  eroded  from 
the  higher  areas,  have  deposited  at  the  base  of  the  mountains  to  form  the  San 
Bernardino  Valley  floor.  The  combined  outwash  fans  of  the  Santa  Ana  River 
and  Mill  Creek  are  the  largest  in  the  valley.  This  alluvial  fill  was 
deposited  over  the  last  10  million  years  and  is  located  near  the  proposed 
Mentone  damsite.  It  consists  of  boulders,  gravels  and  sands  with  smaller 
amounts  of  silts  and  clays.  These  sediments  also  make  up  portions  of  the 
groundwater  aquifer  in  the  Santa  Ana  River  Basin. 

Alluvium  deposits  over  1000  feet  deep  are  found  in  the  middle  and  upper 
portions  of  the  basin.  These  widely  graded  materials  have  high 
permeabilities  and  are  excellent  aquifer  materials.  Some  of  the  highest 
infiltration  and  groundwater  recharge  rates  in  California  are  found  along  the 
Santa  Ana  River.  Concern  for  possible  reduction  in  groundwater  recharge  as  a 
result  of  constructing  the  Mentone  Dam  led  to  this  investigation. 


Hydrology 

The  climate  in  the  San  Bernardino  Valley  is  typically  mild,  with  long, 
hot,  dry  summers  and  short,  cool  winters  with  light  precipitation.  Rainfall 
is  usually  low  and  highly  seasonal  with  most  of  the  precipitation  occurring 
between  December  and  March.  The  average  annual  rainfall  is  approximately  14 
inches  in  Redlands  and  16  inches  in  San  Bernardino. 

Flooding  is  a  severe  problem  in  the  study  area  even  though  the  climate 
is  relatively  dry.  The  Santa  Ana  River  and  other  creeks  that  drain  into  the 
valley  receive  runoff  from  large  and  very  steep  upper  watersheds  where  annual 
precipitation  often  exceeds  45  to  50  inches. 

Historically,  the  Santa  Ana  River  flowed  perennially.  Today,  however, 
the  river  is  ephemeral  throughout  most  of  its  length  because  of  various 
man-induced  controls  and  demands  for  water.  Streamflows  from  the  upper 
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Figure  1.  LOCATION  MAP 


drainages  increase  rapidly  during  large  storms  due  to  the  characteristics  of 
the  watershed  and  steep  river  gradients.  Such  conditions,  along  with  high 
rainfall  intensities,  often  result  in  flash  floods  with  sharp  peaks  and  short 
durations . 

Mentone  Dam 


Construction  of  the  proposed  Mentone  Dam  (see  Pigure  1)  is  only  one 
aspect  of  the  overall  Santa  Ana  River  flood  control  project.  The  purpose  of 
the  dam  will  be  to  store  runoff  from  the  Upper  Santa  Ana  River,  Bear,  Plunge 
and  Mill  Creeks.  Potential  floodwater  would  be  detained  4  to  6  days  until 
the  high  water  level  at  Prado  Reservoir  is  reduced.  Slow  release  from 
Mentone  Dam  would  distribute  the  flow  over  time  and  lessen  the  risk  of 
downstream  flooding. 

The  proposed  Mentone  Dam  would  be  located  between  the  towns  of  Mentone 
and  East  Highlands  near  the  confluence  of  Mill  Creek  and  the  Santa  Ana 
River.  As  shown  in  Figure  2,  it  would  be  a  horseshoe-shaped  earthfill  dam 
with  a  crest  length  of  about  three  and  one  half  miles.  At  its  middle 
portion,  its  crest  would  be  230  feet  above  the  riverbed  with  a  top  width  of 
70  feet  and  a  base  width  of  2700  feet  (US  Army  Corps  of  Engineers,  1980). 
The  existing  Mill  Creek  levee  would  be  improved  and  extended  farther  upstream 
along  Mill  Creek  to  prevent  floodwaters  from  entering  the  cities  of  Mentone 
or  eastern  Redlands.  The  reservoir  would  have  a  net  capacity  of  151,000 
acre-feet  and  an  area  of  about  1,800  acres.  Retention  time  for  impounded 
floodwaters  would  be  approximately  3  weeks  or  less. 

Table  1  summarizes  some  of  the  pertinent  physical  and  hydrologic 
characteristics  of  the  Mentone  Dam.  Details  of  the  design  and  operation  of 
the  Mentone  Dam  and  Reservoir  are  presented  in  the  "Santa  Ana  River  Phase  1 
GDM”  (US  Army  Corps  of  Engineers,  1980). 
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Figure  2.  SKETCH  OF  PROPOSED  MENTONE  DAM 
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TABLE  1 


Characteristics  of  the  Mentone  Dan 
(from  "All  River  Plan",  Phase  I  GDM: 
U.S.Army  Corps  of  Engineers,  1980) 


Drainage  area 

260 

sq  mi 

Dam  (rolled  earthfill) 

Crest  Elevation 

1,573.5 

ft  msl 

Maximum  height  above  streambed 

226 

ft 

Crest  length 

17,700 

ft 

Freeboard 

8 

ft 

Spillway  (overflow,  concrete) 

Crest  elevation 

1,548.5 

ft  msl 

Crest  length 

1,000 

ft 

Elevation  of  maximum  water  surface 

1,565.5 

ft  msl 

Outlet  works  (gated  conduit) 

Diameter  of  conduit 

14 

ft 

Length  of  conduit 

1,373 

ft 

Intake  elevation 

1,335 

ft  msl 

Reservoir 

Area  at  spillway  crest 

1,167 

acre 

Capacity  (gross)  at  spillway 

181,500 

acre-ft 

Storage  allocation  below  spillway  crest 

Flood  control 

144,500 

acre-ft 

Sedimentation  (100-year  storage) 

37,000 

acre-ft 

Standard-project  flood 

Total  volume  (4  days) 

160,000 

acre-ft 

Peak  inflow 

126,000 

cf  s 

Peak  outflow 

6,000 

cfs 

Probable  maximum  flood 

Total  volume 

508,200 

acre-ft 

Peak  inflow 

265,000 

cfs 

Peak  outflow 

256,000 

cfs 

8 


EROSION  AND  SEDIMENT  YIELD* 


Factors  Affecting  Erosion  and  Sediment  Yield 

The  amount  of  erosion  in  a  watershed  and  the  amount  of  sediment 
transported  or  deposited  in  a  stream  or  reservoir  are  the  result  of  the 
interaction  of  two  groups  of  variables.  The  first  group  contains  those 
variables  which  influence  the  quantity  of  material  eroded  at  a  specific 
location  in  the  drainage  basin.  Within  the  first  group  of  variables  are  two 
major  categories  of  factors  affecting  rates  of  sediment  production  from 
watersheds.  They  are:  (1)  climatic  factors  such  as  precipitation, 
temperature  and  winds,  and  (2)  watershed  characteristics  such  as  past  fire 
effects,  size  of  the  drainage  area,  topography,  degree  of  channelization, 
soils,  and  plant  cover  conditions.  The  second  group  contains  variables  which 
directly  influence  the  sediment  transporting  capacity  of  the  drainage  area. 
This  group  includes  the  geometric,  hydraulic  and  sediment  material 
characteristcs  of  streams  or  conveyance  channels  in  the  basin. 

Generally,  for  a  given  watershed,  the  rate  of  sediment  yield  per  unit 
area  decreases  as  the  size  of  the  drainage  area  increases.  However,  in 
mountainous  regions  such  as  the  Upper  Santa  Ana,  there  may  be  little 
difference  in  sediment  yield  per  unit  area  due  to  the  size  of  the  drainage 
area.  More  important  watershed  characteristics  are:  (1)  accelerated 
geological  activities  such  as  earthquakes,  uplifting,  mass  wasting  and 
exfoliation,  (2)  combined  land-use  impacts  from  agriculture,  urbanization, 
construction,  and  off-road  recreation,  and  (3)  periodic  forest  and  brush 
fires . 


The  single-most  important  factor  affecting  erosion  and  sediment  yield  in 
the  Upper  Santa  Ana  River  Basin  is  the  occurrence  of  fires.  Removal  of 
protective  vegetation  by  fire  greatly  increases  rainfall  runoff  and 
subsequently,  rates  of  erosion  and  yield.  Erosion  will  continue  at  greater 
than  normal  rates  from  the  time  the  watershed  is  burned  until  it  has 
recovered . 


*  To  avoid  confusion,  it  is  essential  to  define  6ome  of  the  terms  referred 
to  in  this  report.  "Erosion”  includes  both  removal  and  transportation  of 
eroded  materials  in  the  study  area.  The  units  for  erosion  are  usually  weight 
(in  tons)  per  unit  of  area  and  time.  "Sediment  yield"  is  equal  to  the  net 
sediment  discharge  (gross  erosion  minus  amount  deposited  along  the  way)  from 
a  drainage  area.  Units  for  sediment  yield  are  usually  a  volume  (either 
acre-feet  or  cubic  yards)  per  unit  area  (square  miles)  per  unit  time 
(years).  For  this  study  sediment  yield  will  be  equivalent  to  the  volume  of 
sediment  expected  to  arrive  at  the  Mentone  Reservoir  site  per  unit  drainage 
area  and  time.  Not  all  of  the  eroded  material  is  effectively  sluiced  through 
a  river  system  and  delivered  to  the  point  of  interest  (in  this  case  the 
Mentone  Reservoir).  The  bulk  of  the  eroded  sediment  may  deposit  at 
intermediate  locations  wherever  the  entraining  runoff  waters  are  insufficient 
to  sustain  transport.  "Sediment  load”  refers  to  the  weight  of  sediment  in 
tons  per  day  being  transported  by  major  water  courses  such  as  the  Santa  Ana 
River. 
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The  return  of  vegetation  in  a  watershed  will  provide  varying  degrees  of 
erosion  protection.  Minimum  protection  will  occur  immediately  after  the 
fire.  A  maximium,  and  relatively  constant  resistance  to  erosion,  will  occur 
once  normal  vegetative  cover  has  returned  completely.  Recovery  from  a 
complete  burn  may  take  from  three  to  twenty  years,  depending  on  the 
characteristics  of  the  original  vegetation,  severity  of  the  burn,  and  size  of 
the  subbasin  (Sowe  et  al.  1949  and  1954).  Figure  3  illustrates  conceptually 
the  effects  of  fire  on  sediment  erosion  and  yield  from  a  watershed.  When 
portions  of  a  watershed  burn,  then  the  areal  extent  of  the  burn  becomes  an 
additional  factor  to  consider.  State  and  county  agencies  keep  records,  or 
"fire  histories",  of  the  dates,  extent  and  severity  of  past  fires  (Taylor, 
1979) . 

Because  of  the  overriding  effect  of  fire  on  runoff  and  erosion  rates  in 
the  Santa  Ana  River  Basin,  fire  effects  will  be  discussed  in  further  detail. 
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Figure  3.  EFFECT  OF  FOREST  FIRE  FREQUENCY  ON  SEDIMENT  EROSION 
AND  YIELD  IN  A  TYPICAL  WATERSHED 

(FROM  ROWE,  COUNTRYMAN,  AND  STOREY,  1954) 
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Effects  of  Fire  on  Peak  Discharge 


The  frequency  and  magnitude  of  peak  runoff  flows  along  with 
corresponding  erosion  rates  determine  the  amount  of  sediment  produced 
within  a  given  watershed.  If  the  relationship  between  peak  discharge  and 
yield  is  known  for  a  subbasin,  then  computation  of  sediment  yield  is 
dependent  upon  the  following  six  factors  (Rowe  et  al.  1954): 

1.  The  frequency  and  magnitude  of  normal  runoff  and  peak  discharges 
from  the  unburned  watershed. 

2.  The  effect  of  fire  on  changing  the  magnitudes  of  normal  flows 
and  peak  discharges. 

3.  Residual  effects  of  past  fires  on  runoff  flows. 

4.  Normal  annual  erosion  rates. 

5.  Effect  of  fire  on  erosion  rates. 

6.  Residual  effects  of  fire  on  erosion  rates. 

Rowe  et  al.  (1954),  investigated  over  256  watersheds  in  southern 
California.  The  study  area  covered  approximately  6,800  square  miles 
where  extensive  precipitation  and  streamflow  data  were  available. 
Instantaneous  peak  discharge  for  a  storm  was  established  as  the  basic 
measure  of  watershed  discharge.  Rowe  et  al.  (1954),  examined  streamflow 
records  and  found  that  peak  discharge  is  particularly  sensitive  to  fire 
effects.  They  also  found  peak  discharge  to  be  the  best  indicator  of 
watershed  performance  with  respect  to  erosion  and  yield  for  the  types  of 
watersheds  found  in  Southern  California. 

Rowe  et  al.  (1954),  selected  key  watersheds  within  five  different 
storm  zones  in  the  study  area.  Reliable  precipitation  and  runoff  data 
for  at  least  60  years  of  record  were  available  for  the  key  watersheds 
within  each  storm  zone.  The  key  watersheds  also  had  the  most 

representative  physiographic  characteristics  among  the  watersheds  in  each 
storm  zone. 

The  frequency  and  magnitude  of  normal  peak  discharges  were  developed 
for  key  watersheds  that  had  no  previous  fire  damage.  Precipitation  and 
runoff  data  for  recently  burned  watersheds  were  then  compared  to  data 
collected  for  the  same  watershed  prior  to  the  burns  in  order  to  determine 
the  effects  of  fire  on  the  magnitudes  of  flow  and  peak  discharge. 
Residual  effects  of  past  fires  on  runoff  and  peak  discharge  were 

determined  by  analyzing  historical  data  for  watersheds  at  various  stages 
of  recovery  after  burns  occurred. 

Rowe  et  al.  (1954),  established  relationships  between  peak  discharge 
frequencies  and  fire  effects  for  all  of  the  subbasins  and  watersheds  in 
their  study  area.  Relationships  for  the  six  contributing  subbasins  above 
Mentone  are  included  in  the  Appendix. 
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Effects  of  Fire  on  Sediment  Yield 


Annual  erosion  rates  and  sediment  yields  must  be  determined  for 
unburned  watershed  conditions  before  fire  effects  can  be  determined. 
Annual  erosion  rates  and  watershed  sediment  yield  are  best  determined 
from  measurements  of  sediment  accumulation  in  reservoirs  and 
sedimentation  basins  situated  in  watersheds  having  natural  vegetative 
cover.  As  with  peak  discharge,  it  is  important  to  evaluate  key 
watersheds  that  are  representative  of  a  particular  storm  zone  or 
physiographic  area.  Sediment  yield  is  determined  from  the  total  volume 
of  sediment  trapped  in  the  reservoir  over  time  (Yield  =  accumulated 
sediment  volume/years /area  of  the  watershed).  Next,  the  total  volume  of 
sediment  is  distributed  to  individual  peak  discharges  from  events  that 
occurred  during  the  period  of  accumulation. 

Several  methods  for  distributing  the  sediment  to  the  peak  discharge 
can  be  used.  Rowe  et  al.  (1954),  used  a  method  developed  by  Gibson 
(1952).  This  method  distributed  measured  sediment  volumes  to  individual 
peak  discharges  in  proportion  to  the  fifth  power  of  the  representative 
channel  velocity  of  flow  entering  the  reservoir.  This  computation  was 
repeated  for  each  key  watershed  to  produce  a  table  of  the  following 

values:  peak  discharge,  representative  channel  velocity  during  the  peak 

discharge,  velocity  to  the  fifth  power,  percentage  of  the  total 
cumulative  discharge,  and  the  distributed  sediment  yield  in  cubic  yards 
per  square  mile  of  drainage  area.  Tables  of  these  values  developed  for 
the  Los  Angeles  Basin  and  Transverse  Mountain  Range  are  given  by 
Rowe  et  al.  (1954).  The  distributed  sediment  yield  values  were  plotted 
against  the  corresponding  unit  peak  discharges  on  log-log  paper,  (e.g.. 
Figure  4)  for  each  key  watershed  in  the  Angeles  storm  zone. 

Peak  discharge  versus  erosion  curves  similar  to  that  in  Figure  4 
were  developed  by  Rowe  for  several  watersheds  throughout  each  storm 
zone.  These  curves  showed  little  variation  when  superimposed  on  each 

other.  Therefore,  a  single  average  curve  was  developed  to  represent  the 
average  relationship  between  peak  discharge  and  erosion  for  all  the 

watersheds  within  the  storm  zone.  This  average  curve  was  essentially  the 
same  as  the  curve  presented  in  Figure  4. 

Next,  Rowe  et  al.  (1954)  computed  the  average  erosion  for  each 
individual  watershed  in  the  storm  zone  assuming  unburned  conditions. 
They  used  the  peak  discharge  versus  erosion  curve  from  Figure  4,  and  the 
individual  watershed's  peak  discharge  frequency  curve. 

To  evaluate  the  effects  of  fire,  they  used  records  of  sediment 

accumulation  in  debris  basins  situated  in  watersheds  that  were  completely 
burned  in  1930.  They  determined  the  weighted  average  annual  erosion  rate 
for  each  year  from  the  time  of  complete  burn  to  recovery  of  the 
watershed.  Using  the  methods  described  earlier,  they  distributed  the 
annual  sediment  volume  by  peak  discharge  for  each  year  of  recovery 
following  a  complete  burn.  Smooth  curves  were  developed  for 
representative  watersheds  in  each  storm  zone.  Figure  5  is  the  set  of 
erosion  versus  peak  discharge  curves  which  were  adopted  for  the  present 
Mentone  Damsite  study. 
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PEAK  DISCHARGE  (  cfa  /  aq  ml.  ) 


Figure  4.  RELATIONSHIP  OF  EROSION  RATES  AND  NORMAL  PEAK 
DISCHARGE  (from  Rowe,  Countrymen,  ond  Storay,  1954) 
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For  watersheds  that  are  only  partially  burned  during  a  fire,  it  is 
assumed  that  the  burned  portion  will  erode  at  the  same  rate  per  square 
mile  as  if  the  entire  watershed  had  burned.  The  unburned  portion  of  the 
watershed  would,  therefore,  erode  at  the  normal  unburned  rate  per  square 
mile.  This  assumption  provides  the  mechanism  for  estimating  increases  in 
erosion  and  sediment  yield  from  watersheds  that  are  partially  damaged 
during  a  fire. 

The  following  equation  was  suggested  by  Sowe  et  al.  (1954),  to 
compute  erosion  rates  following  partial  burns. 


Ex  =  <Eb-En>  (Ax/Ab)  +  En 

where  Ex  »  Erosion  rate  for  a  given  year  after  a  partial  burn. 

Eb  =  Estimated  erosion  rate  for  a  complete  burn  for  a 
given  year  (Figure  5). 

En  =  The  normal  unburned  watershed  erosion  rate. 

Ax  =  Percentage  of  the  total  watershed  area  burned. 

Ab  -  Percentage  of  the  total  watershed  that  is  burnable. 


For  watersheds  recovering  from  several  partial  burns, (Eb  -En)(Ax/Ab) 
was  computed  for  each  burn  and  the  sum  of  these  values  was  used  to 
compute  the  average  erosion  rate. 


This  discussion  of  the  method  for  computing  the  effect  of  past  fires 
on  erosion  rates  completes  the  tasks  necessary  for  determining  fire 
effects  on  peak  discharge  and  erosion.  The  following  sections  will 
discuss  ways  in  which  these  methods  were  applied  to  evaluate  the  sediment 
yield  characteristics  for  the  six  subbasins  above  the  Mentone  damsite. 
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SEDIMENT  YIELD  TO  MENTONE  DAMSITE 


Contributing  Watersheds 

In  order  to  evaluate  sediment  sources  and  sediment  yield  to  tbe 
proposed  Mentone  Damsite,  the  total  drainage  basin  was  divided  into  six 
subbasins.  Each  subbasin  was  then  examined  individually  according  to  its 
physiographic  character,  geology,  soil  type,  hydrology  and  fire  history. 
Runoff  and  sediment  contribution  to  the  project  site  from  each  subbasin 
was  determined. 

The  total  drainage  area  above  the  Mentone  damsite  is  approximately 
260  square  miles.  Big  Bear  Lake  and  Dam  control  about  40  square  miles  of 
drainage.  There  are  also  other  small  areas  within  the  basin  which  are 
locally  controlled.  Locally  controlled  drainages  were  not  considered  as 
part  of  the  effective  area  for  the  development  of  the  total  sediment 
budget.  Therefore,  the  total  effective  drainage  area  for  sediment 
erosion  and  yield  is  approximately  210  square  miles. 

Figure  6  is  a  schematic  diagram  of  the  Upper  Santa  Ana  River  Basin 
and  its  six  watersheds.  Soil  surveys  by  Retelas  (1980)  and  the  u.S. 
Department  of  Agriculture,  Soil  Conservation  Service  (1980)  provided  the 
necessary  information  to  determine  the  dominant  soil  types  within  each 
subbasin.  The  percentage  of  each  major  soil  type  in  each  subbasin’s 
effective  drainage  area  was  estimated,  and  representative  soil 
characteristics  and  erosion  potential  were  determined  for  each  subbasin 
using  these  data. 

Hydrologic  and  Watershed  Burn  Conditions 

Three  different  hydrologic  conditions  were  considered:  (1)  a  typical 
two-year  storm,  hereafter  referred  to  as  the  mean  annual  flood  (MAF),  (2) 
the  Standard  Project  Flood  (SPF>  and  (3)  fifty  successive  events  of  the 
of  mean  annual  flood.  The  Los  Angeles  District  provided  hydrologic  data 
from  past  events  along  with  their  criteria  for  the  SPF  (U.S.  Army  Corps 
of  Engineers,  1980).  Single  event  simulations  were  performed  for  tbe 
two-year  and  SPF  events  in  order  to  bracket  a  wide  range  of  possible 
event  impacts.  The  SPF  represents  the  flood  that  would  result  from  tbe 
most  severe  combination  of  meteorologic  and  hydrologic  conditions 
considered  reasonably  characteristic  of  the  geographical  area.  The  SPF 
is  normally  larger  than  any  recorded  flood  in  the  area.  Fifty  successive 
years  of  mean  annual  flood  flows  were  used  to  estimate  long-term  project 
performance.  Gated  reservoir  operation  was  assumed.  Details  of  the 
hydrologic  characteristics  of  these  events  are  presented  in  the  hydrology 
section  of  the  "Santa  Ana  River  Phase  X  GDM”  (US  Army  Corps  of  Engineers, 
1980) . 

The  extent  and  frequency  of  fires  directly  affects  the  amount  of 
runoff  and  sediment  yield  from  a  watershed.  Two  different  forest 
conditions  based  on  forest  fire  histories  were  used  to  develop  the  peak 
discharge  and  erosion  rates  from  each  of  the  six  subbasins.  "Current 
burn"  forest  conditions  were  based  on  what  currently  exists  throughout 
each  subbasin  with  respect  to  the  extent  and  dates  of  past  forest  fires. 
Details  of  the  current  forest  conditions  and  past  fire  histories  were 
obtained  from  the  U.S.  Forest  Service  (1982)  and  the  San  Bernardino  Flood 
Control  District  Fire  Statistics  (1980). 


17 


r 


■ 


PWI 

24 


PWI 

26 


r 


PWI  ■  National  Foraat  8ar«iea  UO.  Numbora  for  *ProJoct  Work  Invontory*  Watarahada. 

Thay  Dallnaata  tha  Foraat  Into  Saparata  Watarahada  with  UnlQua 
Hydrologic  Charactarlatlca  and  Burn  Hlatorlaa. 

Figure  6 

Runoff  and  8edlment  Contributing  Watershede  for  the  8anta  Ana  River 
at  the  Mentone  Damslte 
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A  hypothetical  "reasonable  maximum  burn"  (SMB)  condition  was 
developed  to  depict  the  worst  erosion  condition  that  could  occur  due  to 
forest  fires.  Development  of  this  condition  was  closely  coordinated  with 
recommendations  from  personnel  from  tAe  U.S.  Forest  Service  in  San 
Bernardino,  California.  The  SMB  forest  condition  was  based  on  the  amount 
and  types  of  burnable  materials  within  each  watershed  and  on  other 
important  factors  such  as  worst  possible  wind  conditions.  The  resulting 
reasonable  maximum  burn  conditions  also  assume  that  the  burn  has  been 
recent  and  that  there  has  been  no  time  for  forest  recovery. 

Analysis  of  the  combination  of  the  two  hydrologic  extremes  (two-year 
event  and  SPF)  with  the  two  forest-burn  conditions  provided  a  means  for 
developing  a  broad  range  of  possible  sediment  yields  from  each 
contributing  subbasin.  The  methods  used  for  estimating  sediment  yield 
from  each  subbasin  follow. 

Current  Burn  Average  Annual  Sediment  Production.  Table  2  presents  the 
estimated  average  annual  sediment  production  rates  for  each  of  the 
contributing  watersheds  from  Big  Bear  Lake  to  Mentone.  Sediment 
production  is  the  total  estimated  erosion  times  the  watershed  delivery 
ratio  (see  U.S.  Department  of  Agriculture,  SCS,  1971)  equalling  the  total 
cubic  yards  of  sediment  delivered  or  produced  by  an  event.  Values 
presented  in  Table  2  are  based  on  current  burn  forest  conditions  that 
existed  throughout  the  drainage  basin  as  of  fall,  1982.  Average  annual 
sediment  production  and  yield  were  developed  from  the  data  compiled  by 
Rowe  et  al.  (1954),  for  each  individual  subbasin. 

Appendix  A  lists  the  peak  discharge  rates  and  annual  sediment 
erosion  rates  following  burning  for  each  of  the  six  subbasins 
contributing  sediment  to  the  Mentone  Dam  site.  These  data  were  used  to 
develop  the  estimated  current  burn  sediment  production  rates  summarized 
in  Table  2.  Sediment  production  and  yield  were  adjusted  upward  to 
reflect  current  burn  forest  conditions  using  fire  history  maps. 

U.S.  Forest  Service  fire  history  maps  were  studied  to  determine 
dates  of  past  fires  and  the  percentages  of  each  subbasin  that  were 
burned.  Column  4  in  Table  2  lists  the  subbasin  drainage  area  and  column 
5  lists  the  year  past  fires  occurred  and  the  percentage  of  the  subbasin 
area  that  was  burned.  A  burn  adjustment  factor  was  determined  for  each 
burned  area  depending  on  how  long  the  area  had  been  recovering  from  past 
fires.  If  an  area  had  burned  more  than  ten  years  previously,  it  was 
considered  to  be  completely  recovered,  and  therefore,  had  a  burn 
adjustment  factor  of  one.  Subbasin  areas  burned  more  recently  had  burn 
adjustment  factors  greater  than  one  (see  column  6,  Table  2).  Column  7 
lists  the  estimated  average  annual  sediment  production  rate  for  each 
subbasin  for  normal  unburned  watershed  conditions. 

Adjusted  production  rates  (column  8)  are  obtained  by  summing  the 
products  of  the  percentages  of  previously  burned  areas  and  their 
associated  burn  adjustments  factors  times  the  normal  watershed  production 
rates.  The  sum  of  the  volumes  of  sediment  from  each  subbasin 
(approximately  433  x  103  cu.  yds/yr)  represents  the  total  average 
annual  sediment  production  from  the  drainage  basin  above  Mentone  for 
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current  burn  watershed  conditions.  This  production  rate  produces  a 
basin-wide  average  annual  sediment  yield  of  approximately  1.3  acre-feet  per 
square  mile  per  year  for  current  burn  conditions. 

No  measured  sedimentation  or  yield  data  exist  for  reservoirs  or  the 
watersheds  in  the  immediate  vicinity  of  the  Mentone  site.  However,  the  U.S. 
Department  of  Agriculture's  Miscellaneous  Publication  No.  1266  (1970), 
entitled  "Summary  of  Reservoir  Sediment  Deposition  Surveys  Made  in  the  United 
States"  gives  sediment  deposition  data  for  several  reservoirs  located  in  San 
Gabriel  Mountains  just  west  of  the  study  area.  A  summary  of  these  data  is 
presented  in  Table  3.  Hansen,  Big  Tujunga,  Devil's  Gate  and  Pacoima 
reservoirs  all  have  similar  drainage  basins  and  should  be  grouped  together 
(referred  to  as  Group  1).  Cogswell  Dam  and  the  San  Gabriel  System  can  be 
considered  as  a  second  group  with  different  basin  conditions.  The 
characteristics  of  the  Mentone  drainage  are  very  similar  to  the  Group  1 
reservoirs.  Cogswell  and  the  San  Gabriel  System  have  different  precipitation 
and  basin  characteristics  and  different  burn  histories  than  do  Group  1 
basins.  Therefore,  the  Group  2  basins  have  greater  sediment  yields  than 
Group  1.  The  Hansen  Reservoir  drainage  is  very  similar  to  the  Santa  Ana 
River  Basin  at  Mentone  Reservoir  and  the  observed  yield  from  the  Hansen  is 
similar  to  the  current  burn  yield  estimated  for  the  Mentone  site. 

The  Hansen  drainage  area  is  about  one  third  less  than  that  of  the 
drainage  area  above  the  Mentone  dam  site  and,  therefore,  has  a  larger 
delivery  ratio.  Adjusting  the  estimated  sediment  yield  for  the  Mentone  by 
the  ratio  of  the  Hansen  delivery  ratio  to  that  of  the  Mentone  gives 
approximately  the  same  yield  (1.43  AP/sq.mi./yr)  as  that  observed  for  the 
Hansen  Reservoir  (1.44  AF/sq.  mi./yr).  This  indicates  that  the  estimated 
average  annual  sediment  production  and  yield  for  the  Mentone  Dam  under 
current  burn  conditions  is  quite  reasonable. 

Reasonable  Maximum  Burn  Average  Annual  Sediment  Production.  Table  4 
summarizes  the  average  annual  sediment  production  and  yield  for  reasonable 
maximum  burn  watershed  conditions  in  the  Upper  Santa  Ana  River  drainage 
basin.  As  previously  mentioned,  reasonable  maximum  burn  conditions  depict 
the  worst  erosion  conditions  that  could  occur  due  to  forest  fires.  As  shown 
in  column  three  of  Table  4,  it  is  assumed  that  fifty  percent  of  the  Santa  Ana 
and  Mill  Creek  subbasins  would  burn  and  one  hundred  percent  of  the  four  other 
subbasins  would  burn  during  a  reasonable  maximum  burn. 

Reasonable  maximum  burn  (RMB)  sediment  production  was  determined  in  the 
same  manner  as  current  burn  (CB)  production.  Data  from  Appendix  A  were  used 
to  determine  the  average  annual  sediment  production  for  each  subbasin 
assuming  that  each  had  been  burned  less  than  one  year  previously.  With  RMB 
conditions,  the  average  annual  sediment  production  is  approximately  5,390,000 
cu.yds/yr.  This  is  based  on  the  assumption  that  all  of  the  sediment 
delivered  to  the  Santa  Ana  River  from  contributing  watersheds  continues 
through  the  system  until  it  reaches  the  proposed  Mentone  dam  site. 

This  represents  basinwide  weighted  average  annual  sediment  yields  of 
1.28  acre-feet  per  square  mile  per  year  for  current  burn  conditions  and  15.9 
acre-feet  per  square  mile  per  year  for  reasonable  maximum  burn  conditions. 
Thus,  the  RMB  yield  is  approximately  twelve  times  the  CB  yield.  This  is 
consistent  with  observations  for  similar  watersheds  that  have  been  completely 
burned  (Rowe  et  al.  1954;  Brown,  1972  and  Wells,  1981). 
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Table  3 


Sedimentation  Data  for  Reservoirs  Located  in  the  San  Gabriel  Mountains 
(data  from  USDA  Misc.  Paper  1266) 


Reservoir 

Name 

Net  Drainage 
Area 

( sq .  mi . ) 

Est.  Delivery  Vol.  of  Sed. 

Ratio**1*  Accumulated 

(dimensionless)  (AF) 

No.  of  Years 
of  Record 
(yrs) 

Avg.  Ann. 

Yield 

(AF/sq.mi 

Hansen 

146.0 

8.4 

6,100 

29 

1.44 

Big  Tujunga 

82.2 

9.8 

3,779 

38 

1.20 

Devil’s  Gate 

31.7 

13.5 

2,981 

49.5 

1.90 

Pacoima 

28.2 

14.0 

2,291 

39.5 

2.06 

Cogswell 

39.0 

12.5 

3,542 

34 

2.67 

Total  San  Gabriel 

System*2* 

210.7 

7.5 

21,026 

37.1 

2.69 

Estimated  for 

Mentone*3* 

210.5 

7.5 

No  measurements 

None 

1.28 

(1)  Delivery  Ratios  are  based  on  USDA  sediment  delivery  vs.  size  of  drainage  basin 
(USDA,  SCS,  1971). 

(2)  Includes  Cogswell  Dam,  San  Gabriel  Dam  and  Morris  Dam. 

(3)  There  are  no  observed  data  for  the  Mentone  area.  This  yield  is  based  on 
current  burn  watershed  conditions  estimated  in  this  study  (see  Table  2). 
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Figure  7  shows  esch  of  the  contributing  watersheds  and  lists  their 
estinated  sediment  production  rates  as  well  as  the  total  average  annual 
sediment  load  expected  at  the  Mentone  Dam  site  for  current  burn  (CB)  and 
reasonable  maximum  burn  (HMB)  conditions.  The  production  rate  listed 
adjacent  to  each  watershed  is  the  estimated  amount  for  that  watershed 
alone.  These  are  not  cumulative  amounts.  Total  amounts  are  listed  at 
the  Mentone  Dam  site. 

Estimated  Standard  Project  Flood  Sediment  Production.  Estimation  of 
sediment  production  and  delivery  due  to  intense  rain  storms  is  a 
difficult  task  due  to  many  complicating  factors.  Such  factors  include 
climatic  variability,  differences  in  local  and  area-wide  geology, 
antecedent  moisture  content  of  the  soil,  river  flow  conditions  and  the 
character  and  availability  of  surface  and  channel  sediment  prior  to  the 
event . 

As  with  the  mean  annual  sediment  estimate,  peak  discharge  frequency 
data  (Appendix  A)  developed  by  Eowe  et  al.  (1949  and  1954),  were  used  to 
estimate  the  sediment  production  and  delivery  as  a  result  of  the  Standard 
Project  Flood.  Their  procedures  were  not  directly  applicable,  however, 
due  to  the  extreme  magnitude  of  the  SPF  event.  Therefore,  individual 
peak  discharge  frequency  curves  were  developed  for  both  burn  conditions 
for  each  subbasin.  These  curves  are  shown  in  figures  8  through  13  for 
each  subbasin  for  the  two  different  burn  conditions  (CB  and  RMB).  These 
curves  were  developed  from  the  data  tables  listed  in  the  Appendix  . 

Current  burn  conditions  were  derived  to  reflect  the  increased 
sediment  production  from  burned  portions  of  each  watershed  due  to  past 
fires.  The  same  reasonable  maximum  burn  forest  conditions  were  used  to 
develop  the  SPF  curves  as  were  used  for  the  average  annual  curves. 

Next,  the  SPF  peak  discharge  was  determined  for  each  subbasin  from 
the  exceedance  frequency  that  corresponds  to  the  SPF  peak  discharge  of 
126,000  cfs  expected  at  the  Mentone  damsite  (US  Army  Corps  of  Engineers, 
1980).  These  SPF  peak  discharges  from  each  subbasin  were  used  with  the 
curves  in  Figure  14  to  determine  the  cumulative  erosion  rate  for  each 
subbasin.  (Figure  5  is  repeated  here  as  Figure  14  for  reader 
convenience.)  Therefore,  peak  discharges  from  Figures  8  through  13  were 
used  with  the  curves  in  Figure  14  to  determine  the  amount  of  sediment 
produced  from  each  previously  burned  portion  of  the  subbasin  depending 
upon  its  recovery  time.  This  procedure  provided  values  for  the  volume  of 
sediment  produced  from  each  subbasin  as  a  result  of  an  SPF  storm  event. 
Table  5  summarizes  these  results  along  with  the  estimated  values  for 
basinwide  sediment  yield  under  current  burn  and  reasonable  maximum  burn 
conditions . 

This  method  does  not  account  for  large-scale  bank  caving  or 
landsliding.  During  an  SPF  event,  it  is  possible  to  have  more  sediment 
entering  water  courses  from  bank  caving  and  landslides  than  the  Kowe 
method  estimates.  The  material  volume  produced  during  an  SPF  event  may 
be  two  or  three  times  that  estimated  by  this  method  (i.e.,  perhaps  a 
total  storm  volume  as  large  as  44  x  10*  cubic  yards).  Unfortunately, 
there  are  no  known  ways  to  predict  the  occurrence  of  landslides,  or  the 
volume  of  material  associated  with  them.  Therefore,  for  the  purposes  of 
this  study  the  computed  erosion  volume  of  14.7  x  10*  cubic  yards  of 
sediment  will  be  used  for  the  KMB  SPF  storm  event. 
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Figura  IS  ahowa  each  aubbasin  and  llata  ita  individual  aatiaatad  SPF 
avanta  production  rataa  for  CB  and  KMB  conditiona.  Figura  IS  alao 
praaanta  tba  cuamlativa  total  aadiaMnt  voluawa  raaching  tha  Hantona 
Daaaita  aa  a  raault  of  an  SPF  atorai  avant. 
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Figuro  7 

RUNOFF  AND  8EDIMENT  CONTRIBUTING  WATERSHEDS  FOR  THE  SANTA  ANA 
RIVER  AT  MENTONE,  CALIFORNIA  WITH  THEIR  ESTIMATED  AVERAGE  ANNUAL 
SEDIMENT  PRODUCTION  RATES 
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Table  5 

Estimated  Standard  Project  Flood  Sediment  Production 


Current  Burn  Conditions 

Reasonable  Maximum  Burn  Conditions 

Watershed 

(name) 

Drainage  Area 

(mi2) 

Watershed  Burn 
History 

(Fire  yr/%  Burned) 

Sediment 

Production 

(ydVsTOWOxlO6 

Assumed  RMB  Sediment 

Conditions  Production 

(Fire  yr/%  Burned)  (yd^/STORHJlO^ 

Santa  Ana 

140.0 

1970/45,  1979/05 

1.233 

1962/50 

8.366 

Plunge  Creek 

16.9 

1970/90 

0.220 

1962/100 

2.197 

Mill  Creek 

43.2 

1970/10 

0.321 

1982/50 

2.732 

Norton  Canyon 

2.5 

1979/60 

0.129 

1982/100 

0.330 

Hill  Creek  Wash 

4.3 

1970/75,  1979/10 

0.076 

1982/100 

0.546 

Oak  Creek 

3.7 

1970/35,  1979/10 

0.048 

1982/100 

0.538 

Totals 

210.6 

2.026  *  106  yd^/STORM 

1256  AF/ST0RH 

14.709  x  106  yd3/ST0RM 

9117  AF/ST0RM 
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PLUNGE  CREEK 


NUMBER  OF  EVENTS  PER  100  YEARS 


NUMBER  OF  EVENTS  PER  100  YEARS 


MORTON  CANYON 


RMB  14,709,000  eu  yd/itorm  MENTONE  DAM 


Figure  16 

Runoff  and  Sediment  Contributing  Watersheds  for  the  Santa  Ana  River 
at  the  Mentone  Damsite  with  their  Estimated  Standard  Project  Flood 
Sediment  Production  Rates 
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EXTENT,  THICKNESS  AND  COMPOSITION  OF  SEDIMENT  DELTAS 
IN  THE  PROPOSED  MENTONE  RESERVOIR 


Once  the  total  sediment  budgets  had  been  developed  for  the  two 
different  burn  conditions  and  hydrologic  events,  simplified  empirical 
methods  were  used  to  estimate  the  size  and  depth  of  the  resulting 
sediment  deltas  behind  the  proposed  Mentone  Dam.  These  rough  estimates 
are  summarized  in  Table  6  along  with  estimated  grain  size  distributions 
for  the  deposited  material.  These  results,  based  on  simple  mass  volume 
procedures,  provide  only  a  rough  estimate  of  the  extent  of  the  affected 
area  and  thickness  of  deposits.  In  order  to  provide  a  more  accurate 
description  of  the  delta  shapes,  thicknesses  and  spatial  composition  of 
deposited  sediment  materials,  the  computer  program  HEC-6  "Scour  and 
Deposition  in  Rivers  and  Reservoirs"  (HEC,  1977)  was  applied. 

Application  of  Computer  Program  HEC-6 

Computer  program  HEC-6  is  a  generalized  sediment  transport 
mathematical  model.  It  has  been  widely  used  throughout  the  Corps, 
federal  government,  by  universities  and  by  private  industry  to  simulate 
long-term  streambed  profile  behavior.  By  mathematically  coupling 
sediment  transport  processes  and  stream  hydraulics,  HEC-6  effectively 
simulates  (1)  scour  and  deposition,  (2)  accounts  for  streambed  armoring 
and  hydraulic  sorting  for  up  to  fifteen  different  sediment  grain  sizes, 
(3)  allows  tributary  inflow  and/or  diversions  of  both  sediment  and  water, 
and  (4)  graphically  displays  the  input  and  output  if  requested. 

For  the  purposes  of  this  investigation,  HEC-6  was  used  to  route  the 
estimated  amounts  of  sediment  and  runoff  (as  summarized  in  the  preceding 
section)  into  the  proposed  Mentone  Reservoir.  Once  these  sediments 
reached  the  reservoir,  sophisticated  algorithms  within  the  code  simulated 
selective  transport  and  deposition  of  the  various  sediment  grain  sizes  in 
the  reservoir  pool.  Thus  a  reservoir  delta  forms  as  layers  of  sediment 
deposit  during  an  event.  HEC-6  simulates  the  longitudinal  profile  shape, 
depth  of  deposit  and  grain  size  distribution  within  the  delta  deposits. 
It  also  computes  the  reservoir  trap  efficiency  and  total  volume  of 
sediment  deposited  in  the  reservoir.  The  model  accounts  for  successive 
filling  and  emptying  of  the  reservoir  during  each  hydrologic  event. 
Exposed  delta  deposits  from  previous  events  are  transported  toward  the 
dam  as  they  are  scoured  by  high  flow  during  repeated  filling  and  emptying 
of  the  reservoir  with  each  event. 

Delta  Simulations 

A  method  for  estimating  the  effects  of  periodic  fires  on  peak 
discharge  and  erosion  rates  from  watersheds  located  in  the  Upper  Santa 
Ana  River  drainage  basin  has  been  successfully  used  to  develop  the 
sediment  budget  for  the  proposed  Mentone  Dam  site.  Sediment  volumes  and 
delivery  data  developed  by  this  method  (adapted  from  Rowe  et  al.  1934) 
were  used  to  develop  inflowing  sediment  load  relationships  for  computer 
program  HEC-6.  Bed  material  characteristics  were  obtained  from  data 
collected  during  reconnaissance  studies  and  boring  data  gathered  by  the 
Los  Angeles  District  (US  Army  Corps  of  Engineers,  1980).  Grain  size 
distribution  for  the  inflowing  sediment  load  was  computed  from 
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Grain  Size  in  inches  1.9  0.35  0.098  0.0026  0.0126  0.0094 


Soil  Conservation  Service  (U.  S.  Department  of  Agriculture,  1980)  soil 
survey  information  for  the  drainages  above  the  project  area.  It  was 
estimated  that  30,  55,  and  15  percent  of  the  total  estimated  sediment 
volumes  would  be  composed  of  fines  (clays  and  silts),  sands,  and  gravels 
and  cobbles,  respectively.  Single  event  hydrographs  were  developed  from 
data  reported  in  the  Hydrology  section  of  the  Phase  I  GDM  (US  Army  Corps 
of  Engineers,  1980).  Table  7  summarizes  the  types  of  hydrologic  events 
and  forest  watershed  conditions  considered  by  this  study. 

Comparison  of  computed  sediment  yields  with  measured  yield  data  from 
several  adjacent  and  similar  watersheds  (see  Table  3)  supports  the 
accuracy  of  the  estimated  sediment  production  rate  and  computed  sediment 
volumes  reported  in  Tables  2,  4,  and  5.  End-of-event  reservoir  bottom 
profiles  are  presented  in  Figures  16  through  20.  These  profile  plots 
show  the  longitudinal  arid  vertical  extent  of  the  delta  deposits  simulated 
by  computer  program  HEC-6.  Figures  21  through  23  show  the  estimated 
spatial  extent  of  deltas  resulting  from  the  SPF,  50  years  of  mean  annual 
flows  and  100  years  of  mean  annual  flows,  respectively. 

The  actual  spatial  distribution  and  delta  shape  will  be  different 
from  what  is  shown  in  Figures  21  through  26.  However,  the  overall  extent 
and  depths  of  deposits  should  represent  expected  delta  conditions  within 
the  reservoir.  For  simplicity,  it  was  assumed  that  all  of  the  sediment 
loads  from  Plunge  Creek,  Santa  Ana  River  and  Mill  Creek  entered  as  one 
flow  oriented  in  the  center  of  the  reservoir.  Otherwise,  the  complex 
interaction  of  three  intersecting  deltas  would  have  to  be  simulated.  The 
lateral  extent  of  the  simulated  delta  deposits  was  prescribed  by  the 
movable  bed  width  for  each  cross  section  used  in  the  HEC-6  model.  These 
widths  were  based  on  the  shape  and  contour  of  the  reservoir  bottom  and  on 
the  anticipated  water  surface  elevation  for  each  flood  event.  Detailed 
analyses  of  multidimensional  flows  such  as  these  are  beyond  the 
capabilities  of  computer  program  HEC-6.  It  was  also  felt  that  HEC-6 
would  produce  the  most  conservative  results  as  far  as  simulating  the 
largest  extend  and  overall  size  of  the  delta. 

Tables  8  through  12  present  the  simulated  sediment  grain  size 
distributions  at  each  cross  section  in  the  reservoir  area.  Table  13 
summarizes  the  simulated  sediment  depths  computed  at  each  cross  section 
for  the  five  different  hydrologic  events  and  watershed  burn  conditions 
considered. 

Maximum  depths  of  delta  deposits  varied  from  about  2  to  15  feet  for 
mean  annual  flows  corresponding  to  current  burn  and  reasonable  maximum 
burn  conditions,  respectively.  A  maximum  accumulated  depth  of  34  feet 
was  extrapolated  after  fifty  years  of  mean  annual  flows  subject  to 
current  burn  conditions.  The  100-year  delta  deposit  was  extrapolated  to 
be  40  to  50  feet  deep  at  its  deepest  point. 

The  simulated  delta  profiles  possess  reservoir  delta  characteristics 
as  described  by  Vanoni  (1975).  Figure  27  presents  a  sketch  of  the 
typical  shape  of  a  reservoir  delta.  Comparison  of  the  characteristics  of 
this  sketch  with  the  simulated  results  presented  in  Figures  16  through  20 
shows  that  the  simulated  profiles  are  very  realistic.  The  longitudinal 
distributions  of  various  sizes  of  sediment  materials  (Tables  8  through 


Table  7 

Sunnary  of  Graphical  and  Tabular  Results*1* 


_ Type  of  Hydrologic  Event _ 

Typical  Two-Tear  Fifty  Years 

Forest  Burn  Flood  Event  : (Fifty  Successive:  Standard  Project 

Conditions _ (Mean  Annual  Flood)  :  Mean  Ann.  Fids.): _ Flood _ 


Current  Burn  Figure  16 

Table  8 


Figure  20*2>  Figure  18 

Table  12  Table  10 


Reasonable  Figure  17 

Maximum  Burn  Table  9 


Not  Figure  19 

Considered  Table  11 


(1)  Refer  to  the  indicated  Figure  and  Table  numbers  for  the 
computer-simulated  results  of  the  delta  profiles  and  sediment  grain  size 
distributions  for  the  different  hydrologic  events  evaluated. 

(2)  The  100-year  delta  was  extrapolated  from  the  fifty-year  data  for 
current  burn  conditions  (see  Figure  26). 
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12)  also  compare  well  with  what  ia  normally  observed  in  typical 
reservoirs.  Coarser  sized  materials  accumulate  near  the  mouth  of  the 
river  and  become  progressively  finer  farther  into  the  reservoir. 

Based  on  these  results  and  comparisons  with  similar  reservoirs,  the 
simulated  delta  profiles,  thicknesses,  spatial  extent,  and  grain  size 
distributions  are  reasonable. 
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•r*  21.  MEAN  ANNUAL  FLOOD  SIMULATED  SPATIAL  DISTRIBUTION  OF  SEDIMENT 
DEPOSITS  IN  THE  RESERVOIR  FOR  CURRENT  BURN  FOREST  CONDITIONS. 


I  ANNUAL  FLOOD  SIMULATED  SPATIAL  DISTRIBUTION  OF  SEDIMENT  DEPOSITS 
IE  RESERVOIR  FOR  REASONABLE  MAXIMUM  BURN  FOREST  CONDITIONS. 


FIFTY  YEAH  SIMULATION  OF  THE  SPATIAL  DISTRIBUTION  OF  SEDIMENT 
DEPOSITS  IN  THE  RESERVOIR  FOR  CURRENT  BURN  FOREST  CONDITIONS, 


Jh 
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Very  Coarse  32.0-64.0 
Gravel  (45.26) 
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Very  Coarse  37. 0-64. 
Cravel  (G5.26) 
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Figure  27.  TYPICAL  RESERVOIR  DELTA  FORM 
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CONCLUSIONS 


Based  on  the  data  and  results  presented  in  this  report,  the 
following  conclusions  are  made: 

1.  Accurate  estimation  of  sediment  production  rates  from  watersheds 
in  the  Upper  Santa  Ana  Biver  drainage  basin  requires  that  past 
forest  fire  burn  histories  be  considered.  Periodic  removal  of 
protective  vegetation  by  fires  greatly  increases  runoff  and 
subsequently,  erosion  rates. 

2.  The  rates  and  severity  of  erosion  throughout  the  Santa  Ana  Biver 
Basin  are  as  varied  as  the  topography  and  climate  throughout  the 
area.  The  upper  reaches  of  the  Santa  Ana  Biver  along  with  its 
tributaries  above  Mentone  are  relatively  steep  pool  and  riffle 
type  streams.  The  channel  bed  is  armored  with  materials  ranging 
from  pebbles  and  cobbles  up  to  large  boulders.  The  prevalence 
of  large-sized  bed  materials  and  armoring  decreases  rapidly 
below  Mentone  due  to  a  large  decrease  in  channel  bed  slope  and 
the  occurrence  of  various  man-made  controls. 

3.  For  average  annual  floods,  the  estimated  total  sediment 
production  rates  for  current  burn  and  reasonable  maximum  burn 
forest  conditions  are  433,000  and  5,390,000  cubic  yards  per 
year,  respectively. 

4.  For  flows  associated  with  a  standard  project  flood  event,  the 
estimated  total  sediment  production  rates  for  current  burn  and 
reasonable  maximum  burn  forest  conditions  are  2,026,000  and 
1', 709, 000  cubic  yards  per  storm,  respectively.  SPF  sediment 
volumes  could  be  as  high  as  44,000,000  cubic  yards  if 
large-scale  bank  caving  and  landsliding  occur. 

5.  The  calibrated  HEC-6  computer  model  has  exhibited  good  overall 
correlations  between  computed  results  and  available  data,  based 
on  numerous  sediment  surveys  of  the  reservoir  area  at  Hansen  Dam 
in  southern  California.  These  correlations  and  comparisons 
consisted  of  the  total  amounts  of  deposited  sediments,  values 
of  bed  elevation  change  at  selected  cross  sections,  and  the 
temporal  as  well  as  spatial  distribution  of  various  sizes  of 
sediment  materials  deposited  in  the  reservoir  area.  This  study 
has  also  indicated  that  the  contributing  drainage  basins  of 
Hansen  Dam  and  the  proposed  Mentone  Dam  are  geomorphologically 
and  hydrologically  similar.  It  is  thus  concluded  that  the  HEC-6 
computer  model  provides  a  good  predictive  tool  for  simulating 
reservoir  sedimentation  processes. 
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6.  Computed  maximum  delta  thickness  varied  from  about  2  feet  to  IS 
feet  for  mean  annual  flood  events  and  current  burn  and 
reasonable  maximum  burn  forest  conditions,  respectively.  A 
standard  project  flood  would  produce  maximum  delta  deposits 
approximately  2.6  and  9.7  feet  thick  for  current  and  reasonable 
maximum  burn  conditions.  A  thinner  delta  deposit  is  estimated 
for  the  SPF  than  for  the  mean  annual  flood,  however,  the  spatial 
extent  of  the  SPF  pool-delta  is  much  greater  than  the  mean 
annual  flood  delta.  Fifty  years  of  average  annual  flows  under 
current  burn  conditions  created  a  maximum  delta  thickness  of 
approximately  34  feet.  An  extrapolated  100-year  maximum  delta 
thickness  of  40  to  SO  feet  was  obtained. 

7.  The  dynamic  and  physical  characteristics  of  fluvial  delta 
deposits  on  an  ephemeral  river  are  extremely  complex.  Added 
complications  are  experienced  when  the  reservoir  remains  dry  for 
long  periods  of  time  and  is  operated  primarily  for  flood  control 
for  large  events.  Therefore,  the  quantitative  results  presented 
in  this  report  should  be  used  cautiously  and  viewed  as 
qualitative  in  nature. 

8.  Based  on  the  results  of  this  investigation,  sufficient  sediment 
deposition  will  occur  within  Mentone  Reservoir  (over  the  project 
life  of  the  dam)  to  cause  possible  reductions  in  existing 
groundwater  infiltration  rates  in  the  immediate  vicinity  of  the 
Reservoir.  It  is  difficult  to  evaluate  these  effects  because 
there  are  several  offsetting  factors  occurring  simultaneously 
that  will  tend  to  increase  infiltration,  such  as  increased  heads 
of  water  within  the  flood  pool,  and  storage  and  retention  of 
flood  waters  for  much  longer  periods  over  a  larger  effective 
area.  Most  flood  waters  currently  flow  through  the  system  and 
cannot  be  stored  in  large  volumes  for  recharge  purposes. 

9.  Alternate  methods  of  reservoir  operation,  outlet  design, 
reservoir  bottom  maintenance  programs,  and  relocation  of 
spreading  basins  should  be  investigated  as  possible  methods  for 
minimizing  the  impacts  of  sediment  deposition  on  groundwater 
recharge . 
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APPENDIX 

Peak  Di (chart*  tat*  Following  Watershed  Burning 
and  Annual  Eroaion  Bat**  Following  Burning 

(fro*  Row* ,  Contry*an  and  Story,  1954) 
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Santa  Ana  River,  PVI  =  22 

Drainage  area:  140.02  sq.  mi.  70-Yr  Mean  Annual  Precipitation  32.9  in. 


A.  Peak  Discharge  Rates  Following  Burning 


Number 

of 

Years  after  burning 

Events 

Per  Year  : 

1 

:  2 

:  3  :  7  15 

30 

70 

(Normal) 

(Cubic 

feet  per  second  per  square  mile) 

15.0 

2.17 

0.63 

0.48 

0.41 

0.38 

0.37 

0.37 

5.50 

5.63 

2.03 

1.63 

1.39 

1.31 

1.26 

1.26 

1.59 

13.5 

6.15 

4.99 

4.16 

3.90 

3.75 

3.75 

1.42 

22.6 

12.2 

9.99 

8.36 

7.77 

7.47 

7.40 

.537 

33.5 

21.0 

17.5 

14.6 

13.6 

12.9 

12.8 

.279 

43.6 

29.0 

24.7 

20.5 

19.1 

18.2 

18.0 

.168 

52.9 

37.2 

31.8 

26.7 

24.8 

23.9 

23.4 

.112 

60.5 

43.8 

37.9 

31.8 

29.6 

28.5 

27.9 

.136 

71.5 

53.4 

46.8 

39.9 

37.1 

35.4 

34.7 

.076 

87.4 

67.8 

59.8 

51.3 

47.7 

45.5 

44.6 

.049 

103 

81.4 

72.6 

62.8 

58.4 

56.2 

54.6 

.032 

117 

93.6 

84.1 

72.6 

68.2 

65.6 

63.7 

.023 

130 

106 

96.8 

83.6 

78.4 

75.5 

73.3 

.0167 

144 

118 

108 

94.1 

88.3 

85.0 

82.5 

.0121 

158 

132 

120 

106 

100 

95.5 

92.7 

.0169 

180 

151 

138 

122 

116 

110 

107 

.0106 

208 

178 

163 

145 

136 

131 

127 

.0075 

235 

203 

187 

166 

158 

150 

146 

.0051 

262 

226 

210 

188 

178 

170 

165 

.0035 

226 

249 

231 

207 

197 

189 

182 

.0028 

310 

270 

252 

228 

216 

208 

200 

.0021 

333 

292 

272 

246 

233 

225 

216 

.0007 

347 

306 

286 

259 

245 

236 

227 

.0100 

350 

307 

286 

261 

247 

238 

229 

B.  Annual  Erosion  Rates  Following  Burning 
(in  cubic  yard*  per  aquare  mile  per  year) 


Years 

after  burnina 

e  e 

•  • 

1:2: 

• 

3  4 

•  •  • 

•  •  • 

:  5  :  6  : 

:  :  10 
7:8:  (Normal) 

25,020  9,170 

6,120  4,450 

3,340  2,640 

1,950  1,440  1,390 

Normal  annual  watershed  sediment  production  rate  ■  195,000  yards3/yr. 
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Santa  Ana  Biver,  PWI  «  19 
Mill  Creek  Wash 

Drainage  area:  4.25  sq.  mi.  70-Yr  Mean  Annual  Precipitation 


A.  Peak  Discharge  Rates  Following  Burning 


21.8  in. 


Number 

of 

Years  after  burning 

Events 

Per  Year  : 

1 

:  2 

:  3  :  7  :  15  30  : 

70 

(Normal) 

(Cubic 

feet  per  second  per  square  mile) 

13.71 

2.25 

0.41 

0.24 

0.15 

0.12 

0.11 

0.10 

4.42 

17.3 

4.00 

2.53 

1.64 

1.35 

1.19 

1.18 

1.70 

36.8 

11.9 

7.92 

5.20 

4.34 

3.81 

3.77 

1.88 

53.4 

16.9 

15.0 

9.94 

8.17 

7.24 

7.10 

.90 

70.2 

34.7 

25.2 

16.8 

13.9 

12.3 

11.9 

.540 

84.3 

45.8 

34.2 

23.4 

19.4 

17.3 

16.6 

.375 

95.8 

55.8 

42.4 

29.7 

25.0 

22.0 

21.2 

.269 

106 

64.5 

50.0 

35.3 

30.0 

26.7 

25.4 

.352 

121 

77.4 

61.8 

44.5 

37.8 

33.6 

32.0 

.224 

142 

95.5 

77.2 

56.9 

49.0 

44.0 

41.5 

.150 

161 

112 

91.8 

69.0 

59.8 

53.7 

50.7 

.109 

161 

128 

107 

81.3 

70.4 

63.8 

60.2 

.081 

200 

145 

122 

93.1 

81.3 

73.7 

69.5 

.060 

219 

161 

137 

106 

92.8 

84.1 

79.3 

.049 

237 

176 

151 

117 

104 

94.1 

88.8 

.0695 

265 

202 

173 

137 

122 

110 

104 

.0415 

301 

232 

202 

162 

145 

131 

124 

.0272 

341 

269 

235 

191 

172 

156 

147 

.0174 

383 

304 

268 

222 

200 

183 

173 

.0109 

423 

340 

301 

250 

225 

208 

194 

.0079 

466 

377 

335 

283 

254 

234 

219 

.0052 

506 

411 

368 

312 

281 

259 

242 

.0014 

531 

436 

392 

333 

299 

276 

258 

.0100 

538 

438 

394 

337 

303 

279 

261 

B.  Annual  Erosion  Kates  Following  Burninx 

(in 

cubic  yards 

per  square  mile  per 

year) 

Years 

after  burninx 

•  • 

•  • 

•  •  • 

•  •  • 

;  ; 

10 

1:2:3 

4 

:  5  :  6  : 

7:8: 

(Normal) 

119,450  41,580  27,220 

18,900 

13,610  9,830 

6,620  4,020 

3,780 

Normal  annual  watershed  sediment  production  rate  *  16,100  yards3/yr. 
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Santa  Ana  Elver,  PWX  *  21 
Morton  Canyon 

Drainage  area:  2.46  sq.  mi.  70-Yr  Mean  Annual  Precipitation  21.9  in. 


A.  Peak  Discharge  Rates  Pollowina  Burning 


Number 

of 

Years 

after  burning 

Events 

Per  Year 

1 

:  2  : 

3 

7 

:  15  : 

30  : 

70 

(Normal) 

13.71 

3.65 

(Cubic  feet  per  second  per 

0.63  0.39  0.26 

square  mile) 

0.22 

0.20 

0.80 

4.42 

15.2 

3.71 

2.44 

1.68 

1.42 

1.29 

1.28 

1.70 

32.5 

11.2 

7.77 

5.42 

4.70 

4.24 

4.20 

1.88 

47.3 

20.5 

14.8 

10.5 

8.99 

8.18 

8.10 

.90 

64.3 

33.4 

25.2 

17.9 

15.5 

14.0 

13.7 

.540 

82.1 

46.6 

35.9 

25.9 

22.1 

20.2 

19.6 

.375 

96.8 

58.5 

45.6 

33.5 

28.7 

26.0 

25.2 

.269 

110 

68.7 

54.3 

39.9 

34.2 

31.2 

30.0 

.352 

128 

83.6 

67.5 

50.0 

42.9 

39.2 

37.3 

.224 

153 

105 

86.0 

64.7 

56.0 

51.2 

48.3 

.150 

178 

124 

103 

78.5 

68.4 

62.5 

59.0 

.109 

201 

144 

121 

92.0 

80.9 

73.9 

69.7 

.081 

223 

162 

138 

106 

93.6 

84.8 

80.0 

.060 

247 

182 

155 

120 

106 

96.5 

91.0 

.049 

268 

200 

171 

135 

119 

108 

102 

.0695 

303 

231 

198 

157 

140 

126 

119 

.0415 

343 

265 

228 

185 

164 

150 

140 

.0272 

389 

305 

267 

216 

193 

177 

165 

.0174 

431 

340 

299 

246 

220 

203 

188 

.0109 

466 

374 

330 

274 

242 

226 

209 

.0079 

508 

408 

363 

305 

270 

252 

233 

.0052 

544 

439 

394 

330 

295 

274 

254 

.0014 

572 

467 

416 

351 

313 

292 

270 

.0100 

581 

471 

422 

356 

318 

296 

274 

B.  Annual  Erosion  Rates  Pollowina  Burnina 
(in  cubic  yards  per  square  mile  per  year) 

Years 

after  burnina 

•  • 

•  • 

1:2: 

*  ;  . 

•  •  *  •  • 

•  •  a  t  • 

:  5  :  6  :  7:8: 

10 

(Normal) 

126,000  43,920 

28,440  19,800 

14,040  9,720  6,480  3,850 

3,600 

Normal  annual  watershed  sediment  production  rate  *  8,850  yards3/yr. 
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Santa  Ana  River,  PWI  «  20 
Mill  Creek 

Drainage  area:  43.21  aq.  mi.  70-Yr  Mean  Annual  Precipitation  34.1  in. 


A.  Peak  Discharge  Rates  Following  Burning 


Number 

of 

Years  after  burning 

Events 

Per  Year 

1 

:  2 

:  3  :  7  :  15 

30 

# 

70 

(Normal) 

(Cubic 

feet  per  second  per  square  mile) 

15.0 

3.61 

0.95 

0.71 

0.58 

0.54 

0.51 

0.51 

5.50 

8.30 

2.71 

2.08 

1.72 

1.60 

1.52 

1.52 

1.59 

15.0 

6.37 

4.98 

4.06 

3.77 

3.56 

3.56 

1.42 

25.9 

13.2 

10.5 

8.47 

7.74 

7.37 

7.30 

.537 

37.6 

22.2 

18.1 

14.5 

13.3 

12.5 

12.4 

.279 

48.4 

31.0 

25.7 

20.6 

18.8 

18.0 

17.6 

.168 

58.4 

39.4 

33.1 

26.9 

24.6 

23.3 

22.8 

.112 

66.9 

46.4 

39.3 

32.2 

29.5 

27.8 

27.3 

.136 

79.0 

57.1 

49.2 

40.4 

36.9 

34.9 

34.2 

.076 

96.6 

72.7 

62.9 

52.3 

48.3 

45.6 

44.3 

.049 

114 

87.4 

77.0 

64.4 

59.5 

56.2 

54.6 

.  .032 

130 

102 

90.3 

76.1 

70.3 

66.4 

64.5 

.023 

147 

116 

104 

87.9 

81.2 

76.7 

74.5 

.0167 

162 

130 

117 

99.7 

92.1 

87.0 

64.5 

.0121 

180 

144 

130 

112 

104 

97.9 

95.0 

.0169 

202 

166 

150 

130 

121 

114 

110 

.0106 

230 

191 

173 

151 

141 

133 

128 

.0075 

262 

221 

201 

176 

164 

155 

149 

.0051 

294 

248 

228 

201 

187 

177 

170 

.0035 

323 

274 

251 

223 

208 

197 

189 

.0028 

353 

301 

276 

247 

230 

217 

209 

.0021 

382 

327 

302 

270 

252 

240 

229 

.0007 

403 

345 

321 

287 

267 

255 

243 

.0100 

410 

351 

326 

291 

272 

259 

247 

B.  Annual  Erosion  Rates  Following  Burning 
(in  cubic  yards  per  square  mile  per  year) 


Years 

after  burning 

a  a 

a  a 

1:2: 

a 

a 

3  4 

a  a  • 

a  •  a 

:  5  :  6 

:  :  10 
7:8:  (Normal) 

30,390  10,930 

7,240  5,250 

3,830  2,980 

2,130  1,480  1,420 

Normal  annual  watershed  sediment  production  rate  -  61,400  yards3/yr. 
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Santa  Ana  River,  PW1  =  25 
Plunge  Creek 

Drainage  area:  16.91  sq.  mi.  70-Yr  Mean  Annual  Precipitation  34.8  in. 

A.  Peak  Discharge  Rates  Following  Burning 


Number 

of 

Years 

after  burning 

Events 

Per  Year 

1 

:  2  : 

3  : 

7 

:  15  : 

30 

70 

(Normal) 

13.71 

9.91 

(Cubic  feet  per  second  per 

2.22  1.50  1.12 

square  mile) 

0.99 

0.92 

0.92 

4.42 

25.4 

6.99 

4.96 

3.73 

3.33 

3.11 

3.08 

1.70 

37.8 

13.8 

9.99 

7.36 

6.52 

6.04 

5.98 

1.88 

48.1 

21.6 

15.9 

11.7 

10.2 

9.35 

9.26 

.90 

59.3 

31.5 

24.1 

17.5 

15.3 

14.0 

13.7 

.540 

68.2 

39.6 

31.0 

22.9 

20.0 

18.4 

17.9 

.375 

79.3 

48.8 

38.4 

28.9 

25.1 

22.9 

22.2 

.269 

87.1 

55.5 

44.5 

33.4 

29.0 

26.7 

25.7 

.352 

98.0 

65.1 

53.3 

40.3 

35.3 

32.2 

31.0 

.224 

114 

79.1 

65.6 

50.2 

44.0 

40.5 

38.6 

.150 

130 

92.5 

77.7 

60.5 

53.5 

48.8 

46.5 

.109 

144 

105 

88.9 

69.5 

62.0 

56.6 

53.9 

.081 

161 

119 

102 

80.0 

71.3 

65.1 

62.0 

.060 

175 

131 

113 

89.5 

80.4 

74.1 

69.9 

.049 

191 

145 

126 

100 

90.0 

83.0 

78.3 

.0695 

217 

168 

145 

118 

106 

97.5 

92.0 

.0415 

245 

192 

168 

138 

124 

114 

108 

.0272 

279 

223 

197 

163 

147 

136 

128 

.0174 

312 

251 

223 

187 

169 

157 

147 

.0109 

342 

279 

248 

210 

188 

177 

165 

.0079 

378 

309 

277 

236 

212 

199 

186 

.0052 

406 

335 

302 

257 

233 

218 

204 

.0014 

424 

354 

319 

273 

247 

232 

217 

.0100 

433 

359 

321 

277 

251 

235 

220 

B.  Annual  Erosion  Rates  Following  Burning 
(in  cubic  yards  per  square  mile  per  year) 

Years  after  burning 

a  a 

•  a 

#  •  •  •  a  • 

a  a  a  a  a  a 

10 

1:2:3 

:  4  :  5  :  6  :  7:8: 

(Normal) 

108,470  37,860  24,750 

17,470  12,380  9,100  6,190  3,860 

3,640 

Normal  annual  watershed  sediment  production  rate  -  61,500  yards3/yr. 
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Santa  Ana  Biver  PVI  -  24 
Oak  Creek 

Drainage  area:  3.66  sq.  ai.  70-Yr  Mean  Annual  Precipitation  22.9  in. 
A.  Peak  Discharge  Rates  Following  Burning 


Number 
of  : 

Years  after  burning 

Events 

Per  Year 

1 

2 

:  3  :  7  :  15  : 

30 

; 

70 

(Normal) 

(Cubic 

feet  per  second  per  square  aile) 

13.71 

5.99 

1.12 

0.67 

0.43 

0.35 

0.31 

0.30 

4.42 

18.6 

4.40 

2.82 

1.88 

1.56 

1.39 

1.38 

1.70 

27.1 

8.88 

6.00 

4.05 

3.42 

3.03 

3.00 

1.88 

34.1 

14.1 

9.90 

6.66 

5.59 

5.00 

4.90 

.90 

41.6 

20.9 

15.4 

10.4 

8.74 

7.83 

7.60 

.540 

48.2 

26.6 

20.1 

14.0 

11.8 

10.6 

10.2 

.375 

54.3 

32.1 

24.6 

17.7 

15.0 

13.4 

12.9 

.269 

59.3 

36.6 

28.6 

20.7 

17.6 

16.0 

15.2 

.352 

66.2 

43.0 

34.6 

25.2 

21.7 

19.6 

18.7 

.224 

77.1 

52.8 

43.1 

32.3 

28.0 

25.5 

24.1 

.150 

87.9 

61.7 

51.2 

39.1 

34.1 

31.2 

29.4 

.109 

97.6 

70.0 

59.0 

45.5 

40.0 

36.6 

34.5 

.081 

108 

79.6 

67.6 

52.4 

46.4 

42.4 

40.0 

.060 

118 

87.7 

75.0 

58.8 

52.4 

47.9 

45.2 

.049 

129 

97.3 

84.0 

66.0 

59.4 

54.3 

51.2 

.0695 

146 

112 

97.1 

78.3 

70.4 

64.3 

60.7 

.0415 

170 

133 

116 

95.2 

84.9 

78.2 

73.8 

.0272 

197 

157 

139 

115 

103 

95.1 

89.7 

.0174 

228 

185 

163 

137 

123 

114 

107 

.0109 

256 

208 

185 

156 

140 

132 

123 

.0079 

290 

237 

213 

182 

163 

153 

143 

.0052 

330 

272 

246 

211 

189 

178 

166 

.0014 

357 

295 

266 

228 

206 

194 

181 

.0100 

364 

300 

270 

233 

211 

198 

165 

B.  Annual  Broaion  Batea  Following  Burning 
(in  cubic  yard*  per  square  aile  per  year) 


Years 

after  burnina 

1  i  2  :  3 

• 

* 

4 

•  •  • 

•  •  t 

:  5  :  6 

:  :  10 
7:8:  (Noraal 

52,150  18,200  11,900 

8,400 

6,040  4,380 

2,980  1,860  1,750 

Noraal  annual  watershed  sediaent  production  rate  «  6,400  yards3/yr. 
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